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Abstract 
Polymer concrete (PC) displays superb vibration dampening qualities and is dimensionally and thermally stable, dense, rigid, resistant to water 
and chemicals and will not twist or bend in reaction to stress. Therefore PC has become the preferred base to ensure rigidity in a machine tool. 
Hybrid polymer concrete beds composed of steel structures and polymer concrete are challenging for the grinding process, due to the 
completely different material properties of steel and PC. Which complicates the selection of suitable grinding tool and limits the achievable 
material removal rates. A promising technique to overcome these technological constraints is the use of High Efficiency Deep Grinding 
(HEDG), where high cutting speeds and material removal rates are utilized. This paper presents the experimental investigation of HEDG of a 
hybrid material consisting of polymer concrete and integrated steel inserts. A vitrified bond CBN-grinding wheel was utilized and the grinding 
parameters are optimized in this study. The obtained results show that the application of HEDG can increase the material removal rates 
considerably. There was no evidence of thermal damages on the surface and subsurface of ground workpieces. The microscopic studies of the 
induced chips by the HEDG process showed, that both brittle and ductile grinding modes occur during the applied HEDG process. 
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1. Introduction 
In cases, where the machine tool has to be operated without 
chattering and the influence of the resonant vibrations, a 
material with excellent static stiffness and damping is required 
[1]. Polymer concrete (PC) is a well-known and established 
material with outstanding mechanical properties. The superior 
vibration dampening performance, rigidity, high thermal and 
chemical stability, high specific strength and stiffness allow 
the application of PC not only in the construction industry, but 
also for design of machine tools [2]. PC together with iron cast 
are the most common materials used for construction of 
machine frames since decades, whereas PC is often deployed 
for machine tools with a high level of precision [3]. Due to its 
composite nature PC provides both high stiffness and high 
damping, so important for precision machine tools. PC is 
usually composed of resin as polymer matrix and different 
size inorganic aggregates [4]. Furthermore the material 
properties can be influenced by the variation of the aggregate 
volume fraction and the resin volumetric ratio [5].  
The grinding of a PC surface is a crucial phase of the 
production cycle of PC machine tool beds. In the most of the 
cases very tight tolerances of surface evenness and surface 
roughness have to be achieved. The procedure becomes more 
challenging due to the fact, that apart from the PC, metal 
inserts anchored in the frame for mounting the machine parts 
have to be ground. Generally, vitrified bond aluminum oxide 
grinding wheels are utilized. The metal parts cause a non-
uniform wear of the aluminum oxide grinding tools, which 
leads to the precision loss of the ground PC surface. As a 
result the selection of suitable tools for the simultaneous 
grinding of the both materials is necessary. The 
implementation of the vitrified super abrasives CBN-tools is 
more rational for this application. The CBN-grinding tools 
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Grinding parameters:   ae= 30 µm; vft= 10 m/min; vc= 30, 50, 120 m/s 
Dressing parameters:   Ud= 2; aed= 4 µm; qd= +0.8 
show the required high level of the wear resistance during the 
grinding of steel materials. Their combination with high 
speed, high efficiency deep grinding (HEDG) methods make 
the machining process economically reasonable due to high 
material removal rates and advanced surface quality [6].       
To the best knowledge of the author, the grinding of PC and 
integrated metal inserts under application of vitrified CBN-
tools is studied in this study for the first time. The study is 
divided in two stages. In the first stage, i.e. benchmarking, the 
grinding performance at cutting speeds lower than 50 m/s, 
which is common in industry, was analyzed. The cutting 
forces and surface roughness are measured and grinding chips 
are collected. In the second stage cutting speed is increased 
and the HEDG process is studied. Finally the results of the 
HEDG is compared with the benchmark. The results show that 
increasing the cutting speed can reduces cutting forces and 
surface roughness significantly. Moreover the observation of 
the collected chips displays brittle and ductile chipping 
mechanisms for PC and steel respectively. 
2. Experimental setup 
In order to investigate the effects of the increasing of 
material removal rates, special workpieces made of PC with 
integrated metal inserts are manufactured. The workpieces are 
directly mount on a dynamometer and placed in a CNC 
surface grinding machine (Fig. 1). Furthermore a cleaning 
nozzle is used for removing of the grinding chips from the 
surface of the grinding tool during the machining process. The 
grinding normal and tangential forces are measured. At the 
same time produced chips are collected. The measurement of 
the surface qualities is implemented inside of the machine by 
using a portable surface roughness measurement device. The 
test conditions are listed in Table 1. Following machines and 
measurement instrumentation are deployed for experiments: 
 
x Machine tool: Elb Micro-Cut AC8 CNC universal surface 
grinding machine 
x Dynamometer: Kistler 9255B piezoelectric dynamometer 
x Light microscopy: Keyence VHX-100 
x Surface roughness: Hommel-Werke model T-1000 
The final part of experiments is carried out in high speed, 
high efficiency grinding domain, characterized by high cutting 
speed and depths of cut. 
Table 1. Grinding parameters 
Grinding process up grinding, wet grinding  
Grinding parameters 
vft=10000 and 3000  mm/min,  
vc=30, 50 and 120 m/s  
ae=30, 50, 100 and 500 µm 
Coolant 5% Emulsion Blasocut BC 55 
Grinding wheel Vitrified bonded CBN-grinding wheel  
B126, C150, Ø400 mm, Company Tesch 
Workpiece PC         EP145B 
Steel      95MnPb28k 
B-126 is chosen in order to ensure both high efficiency and 
high accurate grinding of PC, which can be achieved through 
changing of the wheel surface structure when varying the 
dressing parameters [7]. In order to increase the removal rates 
and to be able to grind in high speed, high efficiency area, the 
dressing overlap ratio Ud is set to 2 and the dressing speed 
ratio qd is set to +0.8. Furthermore a rotary diamond truer is 
deployed.  The wheel surface, dressed in this manner has a 
rough sharp structure, which decreases grinding forces and as 
a result minimizes the thermal shocks.    
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Polymer concrete (PC) workpiece. 
3. Results and discussion 
The parameters of the first stage of the study, i.e. 
benchmarking, are chosen according to removal rates of 
practical applications of aluminum oxide tools for grinding of 
PC. The feed rate vft and the depth of cut ae are kept constant 
of 10000 mm/min and 30 µm respectively, whereas the cutting 
speed vc was changed from 30 m/s to 50 m/s. Additionally the 
higher cutting speed vc of 120 m/s is tested in order to clarify 
the tendency of the grinding forces and potential thermal 
influence on the border zone.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Grinding normal and tangential forces versus cutting speed with a 
depth of cut ae=30 µm 
The experiments reveal the expected behavior of the 
grinding forces during the increasing of the cutting speed 
(Fig.2). Increasing cutting speed at constant depth of cut and 
feed rate leads to lower chip thickness and as a result to lower 
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Grinding parameters:   ae= 30 µm; vft= 10 m/min; vc= 30, 50, 120 m/s 
Dressing parameters:   Ud= 2; aed= 4 µm; qd= +0.8 
Grinding parameters:   ae= 30 µm; vft= 10 m/min; vc= 30 m/s 
Dressing parameters:   Ud= 2; aed= 4 µm; qd= +0.8 
Grinding parameters:   ae= 50, 100, 500 µm; vft= 3 m/min; vc= 120 m/s 
Dressing parameters:   Ud= 2; aed= 4 µm; qd= +0.8 
process force [8]. It has to be mentioned, that generated forces 
for the PC are considerably lower compared to the forces for 
the steel material. However the gap becomes much smaller 
when the cutting speed is increased to 120 m/s. A risk of 
increased cutting speed is the thermal stress of workpiece. 
However, the optical observations of the ground surface do 
not expose any signs of the thermal damage, which can be due 
to a proper cooling of the contact zone and an optimum 
cutting mechanism. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Surface roughness versus cutting speed with a depth of cut ae=30 µm 
The decreased chip thickness caused by the high cutting 
speed leads to the improvement of the surface roughness. Fig. 
3. shows the declining Ra and Rz values, measured on the 
surface of the metal inserts. The inhomogeneous structure and 
high porosity of the PC workpiece make the exact evaluation 
of the surface quality under application of a tactile 
measurement device not feasible. That is why only the surface 
roughness of the metal inserts is taken into consideration.    
The further tests are performed at the same dressing 
parameters while the process parameters are changed in order 
to achieve the HEDG domain. The feed speed vft is decreased 
to 3000 mm/s and the cutting speed vc is set to 120 m/s. The 
changing of the depth of cut ae from 50 µm to 500 µm at the 
constant vc and vft, allows the transition from the high speed 
grinding to the HEDG, which allows to gain much higher 
material removal rates while improving or maintaining the 
surface quality [9].    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Grinding normal and tangential forces versus different depth of cuts at 
cutting speed vc=120 m/s 
 Fig. 4. Shows that increasing depth of cut to 500 µm 
increase the grinding forces. Furthermore the highest achieved 
process forces are very close to the highest forces generated 
during the benchmark tests. Though the removal rate Q’w can 
be increased from 5 mm3/mm·s to 25 mm3/mm·s via HEDG. 
Moreover the difference of the forces generated on the PC and 
the steel is growing with increasing depth of cut. The both 
tendencies are caused by the higher chip thickness, whereas 
the higher forces on the steel can be attributed to higher 
material strength level and plastic chip formation compared to 
PC.   
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Surface roughness versus different depth of cuts at cutting speed 
vc=120 m/s 
The surface roughness improves with increasing the depth 
of cut up to 100 µm when the feed rate and the cutting speed 
remain constant (Fig.5). The reason for the displayed behavior 
can be the increased contact length and hence increased 
number of momentarily grits which are in contact with the 
workpiece. Increasing the depth of cut from 100 µm to 500 
µm leads to an increase in surface roughness. This can be due 
to the increased cutting forces and vibrations.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Microscopic pictures of the collected chips (1-metall chip, 2-resin 
fraction, 3-quartz fraction). 
The chip analysis often allows conclusions about an 
occurred chip formation mechanism. The chips generated 
during the grinding are collected and examined under a light 
microscope. In Fig. 6. chips of various shapes and sizes can be 
seen. The thin metallic ribbon and thread chips confirm a 
ductile chip formation when grinding the metal inserts. 
Particles, produced during grinding of PC are often sharp, 
Grinding parameters:   ae= 50, 100, 500 µm; vft= 3 m/min; vc= 120 m/s 
Dressing parameters:   Ud= 2; aed= 4 µm; qd= +0.8 
SS15B035© 
SS15B036© 
SS15B037© 
SS15B038© 
610   Sergey Shamray et al. /  Procedia CIRP  46 ( 2016 )  607 – 610 
have irregular shapes and different colors corresponding to the 
various fillers and the binder matrix. The shapes and sizes of 
the fraction indicate a brittle material removal mechanism in a 
case of PC. The minimal particle size, which is found during 
the microscopic examination, is 7 µm.  
 
4. Conclusion 
 
The application of a vitrified CBN-tool in combination 
with high speed, high efficiency deep grinding (HEDG) 
methods for grinding of PC is an uncommon approach. The 
effectiveness of this process is show in this study. The results 
can be summarized as follows: 
 
x Optimal grinding parameters were identified, ensuring a 
high material removal rate when grinding in a HEDG 
domain. At the same time lower grinding forces and better 
surface qualities can be achieved due to machining in a 
high speed domain. Here no thermal damages to the 
workpiece are observed for both grinding domains. 
x The influence of the polymer concrete on the entire 
grinding result can be assessed as minimal. The grinding 
forces, generated on polymer concrete are substantially less 
than that measured on the steel material. 
x The chip analysis confirmed a ductile chip formation 
mechanism for metal inserts and a brittle for polymer 
concrete 
 
Acknowledgements 
This work was supported by a grant from the Ministry of 
Science, Research and the Arts of Baden-Württemberg to 
Prof. Dr. Azarhoushang. The authors would like to thank to 
RAMPF Machine Systems GmbH & Co.KG for the fruitful 
cooperation which made this work possible. 
References 
[1] Kim, Hyun Surk; Park, Kyu Yeol; Lee, Dai Gil (1995): A study on the 
epoxy resin concrete for the ultra-precision machine tool bed. In: Journal 
of Materials Processing Technology 48 (1-4), S. 649–655. DOI: 
10.1016/0924-0136(94)01705-6. 
 
[2] Fowler, D.W (1999): Polymers in concrete: a vision for the 21st century. 
In: Cement and Concrete Composites 21 (5-6), S. 449–452. DOI: 
10.1016/S0958-9465(99)00032-3. 
 
[3] Möhring, Hans-Christian; Brecher, Christian; Abele, Eberhard; Fleischer, 
Jürgen; Bleicher, Friedrich (2015): Materials in machine tool structures. 
In: CIRP Annals - Manufacturing Technology 64 (2), S. 725–748. DOI: 
10.1016/j.cirp.2015.05.005. 
 
[4] Suh, Jung Do; Lee, Dai Gil (2008): Design and manufacture of hybrid 
polymer concrete bed for high-speed CNC milling machine. In: Int J 
Mech Mater Des 4 (2), S. 113–121. DOI: 10.1007/s10999-007-9033-3. 
 
[5] Haddad, Header; Al Kobaisi, Mohammad (2012): Optimization of the 
polymer concrete used for manufacturing bases for precision tool 
machines. In: Composites Part B: Engineering 43 (8), S. 3061–3068. 
DOI: 10.1016/j.compositesb.2012.05.003. 
 
[6] Jackson, M. J.; Davis, C. J.; Hitchiner, M. P.; Mills, B. (2001): High-speed 
grinding with CBN grinding wheels — applications and future 
technology. In: Journal of Materials Processing Technology 110 (1), S. 
78–88. DOI: 10.1016/S0924-0136(00)00869-4. 
 
[7] Wegener, K.; Hoffmeister, H.-W.; Karpuschewski, B.; Kuster, F.; 
Hahmann, W.-C.; Rabiey, M. (2011): Conditioning and monitoring of 
grinding wheels. In: CIRP Annals - Manufacturing Technology 60 (2), S. 
757–777. DOI: 10.1016/j.cirp.2011.05.003. 
 
[8] Azarhoushang, Bahman (2011): Intermittent grinding of ceramic matrix 
composites. Unterbrochenes Schleifen von keramischen 
Faserverbundwerkstoffen. Aachen: Shaker (Forschungsberichte des 
Instituts für Fertigungstechnologie keramischer Bauteile (IFKB)). 
 
[9] Tawakoli, Taghi; Barrett, C. G. (1993): High efficiency deep grinding. 
Technology, process planning, and economic application. Düsseldorf, 
London: VDI-Verlag; Mechanical Engineering Publications. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
